The present work demonstrates the effects of moist cold stratification on seed dormancy breaking in Hawthorn (Crataegus monogyna Jacq.). We also examined the fruit and seed morphology. Mature and ripe fruits were collected, the pulp removed and the seeds (stones) left in the sun to dry for three days. Four temperature regimes viz. 4°C, 6.5°C (natural conditions where the fruits were harvested), 10°C and 20°C were used for stimulating seed germination under total darkness. For each treatment, there were four replicates with 50 seeds incubated in a plastic container between two layers of moist sand at 15%. At the end of the experiment, non-germinating seeds were tested for viability using Tetrazolium chloride (TZ). After 4 months, the final germination (FGP) was expressed as a percentage of the total number of seeds in each treatment. The fruits of Hawthorn were 14.9 ± 0.73 mm long and 15.1 ± 0.84 mm in diameter and weigh 2.05 ± 0.28 g. The seeds were 8.29 ± 0.43 mm long and 6.75 ± 0.39 mm in diameter and weigh (0.25 ± 0.04) g. The thousand-fruit weight was 2,000 g and of the thousand-seeds weight was 280 g. The statistical analysis indicated significant effect (p < 0.0001) of treatment on seed germination. Dormancy in this species was broken most effectively by cold stratification at 4°C and under natural conditions with 76% and 67.5% of FGP, respectively. Most of the nongerminated seeds of C. monogyna were viable (dormant) as judged by TZ.
Introduction
The ability to germinate under a variety of environmental conditions is essential for plant species inhabiting a wide range of altitudes and latitudes (Cavieres and Arroyo 2000) . Seeds represent the principal form of dissemination for most plant species and are largely responsible for the preservation of biodiversity (Marcos Filho 2005) . Seed germination is influenced by temperature regimes, which act directly on the velocity of water absorption and on biochemical reactions, thus exercising a determinant role in germination processes (Stokes 1965; Roberts 1988; Xia et al. 2016) . Most forest seeds possess a hard tegument that is impervious to water, causing dormancy (Farmer 2017 ). Indeed, there are different types of dormancy: exogenous (determined by the properties of the seed coat); endogenous (determined by the physiological state of the embryo) and combined (determined by a combination of the two previous factors) ( Aragón-Gastélum et al. 2018 ). In the case of embryonic dormancy, the inhibition of germination is due to the action of certain plant hormones (Shu et al. 2016) . The hardness of this dormancy differs from one species to another (Lan et al. 2018) . The effect of temperature is the main treatment to break this dormancy by using different modes of freezing and alternating temperatures (Bujarska-Borkowska 2002) . These seeds often take a very long time to germinate, resulting in heterogeneity in the seedlings, an inconvenience for reforestation success. It is therefore often necessary to apply a treatment before sowing, to assure high, fast and uniform germination (Kheloufi 2017; Kheloufi et al. 2018) .
The genus Crataegus belongs to the family Rosaceae, subfamily Amygdaloideae, which includes very numerous and variable species (GRIN-Taxonomy 2019). Hawthorn (Crataegus monogyna Jacq.) usually grows into a big or a small tree up to 8 m height. Fruits are spherical or egg-shaped, containing 1 and rarely 2 stones (Bujarska-Borkowska 2002) . Hawthorn trees tend to be long-lived (Norris 2005) . The fruits are vermilion red and perfectly edible but bland and floury (Özcan et al. 2005) . They are especially a good food for birds during winter months (Sallabanks 1992) . C. monogyna is a species that adapts to several types of soil. However, it prefers sufficiently cool clay-limestone soils (Snow et al. 1997) . It is also a valuable therapeutic plant (Graf et al. 2010) . The flowers are used to produce medicines affecting heart and nerves and lowering blood pressure (Rigelsky and Sweet 2002) .
In light of the general lack of detailed information about germination and seedlings production in Hawthorn, the present study evaluated the seed germination behavior of the stony endocarp seeds under different conditions of moist cold stratification and describes the fruit and the seed morphology. On the other hand, the viability of nongerminated seeds was tested at the end of the experiment using Tetrazolium Chloride.
Material and methods
The seeds of Hawthorn used in the present experiments were obtained from freshly mature and ripe fruits harvested from five trees growing at 1630 meters of altitude in an Apple Orchard which is located in Theniet El Abed (Batna, Algeria) (Latitude: 35°20'12.8"N ; Longitude 6°20'39.97"E). These trees are over 20 years old and about 6 m height. The fruit sample was obtained by mixing the fruits of the five trees. After harvesting, the seeds (stones) were extracted by opening the fruits and removing the pulp using running water. A total of 100 fruits and 100 seeds were used for biometric determinations using a digital caliper (Figure 1 ). The length is a distance between the base and the apex and the diameter in the median region of both fruits and seeds. The fruit and seed weights were also estimated on basis of the weight of the 100 unit samples.
Four temperature regimes viz. 4°C, 6.5°C (natural conditions where the fruits were harvested), 10°C and 20°C were used for stimulating seed germination under total darkness. For the natural conditions, the weather station of Batna (Indicative: 60468, DABT, Algeria) recorded the following values (Min temperature: -1.1°C; Max temperature: 16.6°C; Average temperature: 6.5°C) for the 4 months of the experiment (December 2018 -March 2019) at 1,052 m of elevation.
For each treatment, there were four replicates with 50 seeds incubated in a plastic container (17 cm Length x 12 cm Height x 10 cm Width) between two layers of moist sand at 15%. At the end of the experiment, nongerminating seeds were tested for viability using Tetrazolium chloride (TZ) as described by ISTA (2003) . Stones were bisected transversely (1/3 from distal end) to remove a small proportion of the seed coat before immersing in a solution of 1% buffered 2,3,5-Triphenyl Tetrazolium Chloride. Immersed seeds were then incubated in the dark for 18 hours at 30°C before being evaluated for staining, indicating respiring tissue, under a microscope. Vital structures within the seed were evaluated based on staining intensity as fully stained (viable), unstained (non-viable) or partially stained (interpreted as viable or nonviable, depending on the intensity and location of staining). After four months, the final germination (FGP) was expressed as a percentage of the total number of seeds in each treatment. Seeds were counted as germinated when the radicle growth reached ≥ 2 mm. Differences between treatments after ANOVAs were carried out through mean comparison contrasts. Multiple comparisons of means were performed with Duncan's test (α = 0.05). All statistical methods were performed using SAS Version 9.0 (Statistical Analysis System) (2002) software.
Result and discussion

Morphometric diversity between fruits and seeds
According to Table 1 the fruits of Hawthorn were 14.9 ± 0.73 mm long and (15.1 ± 0.84) mm in diameter and weigh 2.05 ± 0.28 g. The seed were 8.29 ± 0.43 mm long and 6.75 ± 0.39 mm in diameter and weigh 0.25 ± 0.04 g. The thousand-fruit weight was 2,000 g and of the thousand-seed weights the same number of seeds weigh 280 g. 
Seed germination and viability
At each stratification period, final germination under 4°C and 6.5°C of moist stratification was significantly higher than germination with 10°C and 20°C (p < 0.0001). Under the first two thermal regimes, the stratification period was necessary to initiate seed germination and reach a maximum germination of 76% and 67.5%, respectively (Table 2, Figure 2 ). No germination was observed for the seeds treated at 20°C after the four-month period. However, the seeds treated with 10°C of moist stratification enhanced the germination but with a low rate of 7% FGP (Table 2) . According to our results, most of the nongerminated seeds of C. monogyna were alive (Dormant) as judged by TZ (Table 2) . These results showed that the seeds treated with 10°C and 20°C remain viable, waiting for the favorable conditions to break the dormancy. On the other hand, those treated with 4°C and 6.5°C will need more time to reach the maximum of germination under these thermal conditions. According to the same table, the rate of non-viable seeds was higher in seeds incubated at 20°C, reaching 14% against (4-6%) recorded in other treatments.
A lot of forest species are abandoned because of difficulty with seed germination and establishment (Kheloufi 2017) . Indeed, there are few studies concerning the seed pretreatments of Hawthorn to germination. Several results suggest that Hawthorn seeds are unable to germinate during autumn, so they get into a dormancy process to avoid harsh winter conditions and germinate after snowmelt in early summer (Bujarska-Borkowska 2002) . This fact has been interpreted by different authors as a maturation period to complete development of embryos (Hilhorst 2010). Our results showed that in the natural condition (1,630 m of elevation) or under germination chamber conditions of 4°C, freshly seeds were able to germinate after 4 months. Seed germination is influenced by storage duration and internal factors controlling dormancy, including phytohormones (abscisic acid) inducing dormancy, and by seed coat factors (Bewley, 1997) . Cold stratification is known to improve germination percentage in many Crataegus species (Morgenson 2000) . Table 3 summarizes some previous results on the germination improvement in C. monogyna. Authors proved effective induction of C. monogyna seed germination by means of cold-wet stratification, with longer treatment periods required for populations from higher elevations. 
Treatment
Authors Treating stones with concentrated sulphuric acid for 2 hours, and then subjecting them to cold stratification. Holmes and Buszewicz (1958) Stratifying seeds for 5 months at 25°C and then for the next 5 months at 5°C. Nyholm (1975) Stratifying seeds 3-5°C after 180 days. Bärtels (1982) Warm-followed-by-cold stratification at 20-25°C for 4-8 weeks, and later at 1-5°C for 12-16 weeks is also recommended. Gordon and Rowe (1982) Treatment with concentrated sulphuric acid and then sowing is recommended.
St. -John (1983) The use of warm-cold stratification, first at 25°C for 3 months, then the cold one at 3°C for 9 months, and next 35 days at 20°C in sand.
ISTA (1999)
Seeds germinate vigorously (in 3-5 weeks) and at a high percentage at temperatures of 3~10°C. Bujarska-Borkowska (2002) Incubate in moist substrate (sand) 3 moths at 25°C followed by 9 months prechill. ISTA (2019)
Conclusion
Understanding of germination requirements is crucial for regeneration and successful tree establishment in forest nurseries as well as for direct plantation, where, during the last decades, there has been a rapid loss in natural plant cover associated with an erosion of the biodiversity. A compilation of the literature relating to the germination of C. monogyna indicates that optimal temperature conditions for seed germination could result from variations in their physiological dormancy levels that are directly related to seed collection and storage. We suggest the use of freshly mature and ripe fruits to extract the seeds for the production of young seedlings.
Acknowledgment
Authors are grateful to Zeroual Ismail (PhD student in Plant ecophysiology) for giving us access to his Apple orchard for harvesting Hawthorn fruits.
References
